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Revision of the taxonomy of the Coronavirus , 
Torovirus and Arterivirus genera 


Introduction 

Recent molecular analysis of the genera Torovirus and Arterivirus has posed questions for 
the taxonomy of these viruses vis a vis the Coronavirus genus. Until recently the torovirus 
genus had not been assigned to a family. Now common genetic and replicative features of 
the coronaviruses and toroviruses have been formally recognized by inclusion of Torovirus 
within the previously monogeneric Coronaviridae [6], 

In contrast to the toroviruses, the arteriviruses have been in a family, Togaviridae , for 
many years. The location of these viruses in the Togaviridae was based on their resemblan¬ 
ce, with respect to morphology, virion dimensions and nature and size of the genome, to 
other members of that family. However, analysis of the replication of arteriviruses, sup¬ 
ported by sequence data, has clearly shown that the Togaviridae is a most inappropriate 
home for them. Instead, investigations have revealed that the arteriviruses have more in 
common with members of the Coronaviridae . However, there are major differences be¬ 
tween the arteriviruses and the Coronaviridae which* has resulted in a reluctance of the 
Coronaviridae . It was proposed, and accepted by the Executive Committee of the Interna¬ 
tional Committee for the Taxonomy of Viruses (ICTV), that arteriviruses should be 
withdrawn from the Togaviridae [6], 

This report describes why the toroviruses have been assigned to the same family as the 
coronaviruses and asks how best to recognize, by taxonomy, the major similarities and 
differences between the Coronaviridae and the arterivurses. The references have been 
limited largely to reviews and very recent publications. These include [5, 17, 31, 32] for 
coronaviruses, [15, 31, 39] for toroviruses and [9, 10, 12, 16, 31] for arteriviruses. 

Development of the Coronaviridae identity 

The Coronaviridae remained a monogeneric family for a quarter of a century. In 1967 a 
small, pioneering band of virologists proposed that a previously unrecognized group of 
viruses should be given the name coronavirus [1]. The first three members of the group, 
infectious bronchitis virus (IBV), murine hepatitis virus (MHV) and human coronavirus 
(HCV), had been observed to have a similar morphology, specifically more or less spheri¬ 
cal, approximately 100 nm diameter enveloped particles with a characteristic “fringe” of 
20 nm long surface projections which were rounded or petal-shaped (Fig. la). An enlarged 
Coronavirus Study Group was formed under the auspices of the ICTV and in 1975 
published its first report on the Coronaviridae [37]. The likely possession of a RNA genome 
had been added to the short list of criteria for inclusion in the family while the number of 
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coronavirus species had increased by six, two from each of swine and rat and one from each 
of turkey and cattle. In addition, it had been observed that they replicated in the cytoplasm 
and matured by budding through endoplasmic reticulum and not at the cell surface. 
Currently recognized members of the genus are shown in Table 1. 

Subsequently it was demonstrated that these viruses had a single, high molecular 
weight, single-stranded RNA genome which had a 3* poly(A) tail and was infectious. It was 
associated with a single protein, the nucleocapsid protein (N). Virions had a density in 
sucrose generally in the range 1.15-1.18 g/ml [27, 38]. Although coronavirus virions 
contain few polypeptides, the characterization of these took some time because of the 
presence of contaminating host cell proteins, variation between species with regard to 
processing (cleavage, glycosylation) and differences in gene complements. It was eventu¬ 
ally established that all coronavirases had, in addition to N, a large, heavily glycosylated 
surface projection or spike glycopolypeptide (S) of about 200 kDa, which was cleaved into 
two glycopolypeptides in some species, and a small integral protein (M), about 25 kDa, 
associated with only a few glycans (Fig. 1). A subset of the genus (Table 1) has an additional 
glycoprotein, the haemagglutinin-esterase (HE) protein, which is not essential for replica¬ 
tion, at least not in some cell types (Table 1). A virion-associated, small membrane (sM) 
protein has also been described; todate it has only been looked for and demonstrated in 
IBV and TGEV [13, 20] (Fig. 1). Replication is within the cytoplasm and five or more 
subgenomic mRNAs are generated, these forming a 3' coterminal nested set (Fig. 2). 


Table 1 . Species within the genera Coronavirus , Torovirus and Arterivirus 


Coronavirus 

Avian infectious bronchitis virus (IBV) 

Feline coronavirus (feline infectious peritonitis virus, FIPV) (feline enteric coronavirus, FECV) 

Canine coronavirus (CCV) 

Porcine transmissible gastroenteritis virus (TGEV) 

Human coronavirus 229E (HCV 229E) 

Porcine epidemic diarrhoea virus (PEDV) 

Murine hepatitis virus (MHV) a 
Bovine coronavirus (BCV) a 
Human coronavirus OC43 (HCV OC43) a 
Turkey coronavirus (TCV) a 

Porcine haemagglutinating encephalomyelitis virus (HEV) a 
Rat coronavirus (RCV; sialodacyroadenitis virus, SDAV) 

Rabbit coronavirus (RbCV) 

Torovirus 

Berne virus (BEV; equine) 

Breda virus (BRV; bovine) 

Arterivirus 

Equine arteritis virus (EAV) 

Lactate dehydrogenase-elevating virus (LDV; murine) 

Simian haemorrhagic fever virus (SHFV) 

Porcine reproductive and respiratory syndrome virus (PRRSV) (Swine infertility and respiratory syndrome virus, 
SIRSV) 


a These species contain a gene encoding a haemagglutinin-esterase glycoprotein (HE) 
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Fig. 1 . Diagrammatic representation of the virions of (a) a coronavirus, (b) a torovirus and (c) an arterivirus. A 
sub-set of the coronaviruses contain an haemagglutinin-esterase glycoprotein which is not shown (see Table 1). 
The sM protein has not been identified in all coronaviruses mid its exact association with the virion envelope is 

unclear 
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A leader sequence of 60-70 or so nucleotides, corresponding to sequence at the 5 ! terminus 
of the genome, is present at the 5' end of all mRNas. Only the unique genes in the 5 ? unique 
of each mRNA are translated. The genes for the structural proteins are located in the 
3' portion of the genome, in the order 5'-S-M-N-3’ [29, 30, 36] (Fig. 2). 

The era of cloning and sequencing revealed that coronavirus genomes comprised 
about 30.000 nucleotides, the 5'-most gene, number 1, comprising approximately 20.000 
nucleotides and encoding the putative RNA-dependent RNA polymerase [2, 3, 14, 19]. 

Torovirus replication fits the Coronaviridae family picture 

The broad picture painted above applies in general to the Torovirus genus, of which Berne 
virus is the most thoroughly studied member at the molecular level [31] (Table 1). In 
addition to many of the characteristics already described above for coronaviruses, gene 1 of 
both genera comprise two overlapping open reading frames (ORFs), la and lb (Fig. 2), 
ribosomal frame-shifting being involved in the translation of the second ORF [4, 32]. The 
carboxy-terminal half of the S protein has a coiled-coil structure and the M protein has three 
membrane-spanning regions [31, 35]. In consequence, the Coronaviridae Study Group 
proposed to the ICTV Executive Committee that the genus Torovirus should join 
Coronavirus in the Coronaviridae . This proposal was accepted at the mid-term meeting of 
the Executive Committee in April 1992 [6] and was ratified at the IXth International 
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Fig. 2. Genome organization and mRNA arrangement of a coronavirus (murine hepatitis virus, MHV), a 
torovirus (Berne virus, BEV) and an arterivirus (equine arteritis virus, EAV). Gene 1 comprises two large ORFs, 
la and lb. Some of the smaller genes, e.g. gene 5 of MHV, comprise more than one ORF. Not all members of one 
genus have an identical gene complement. For example, the genes containing ORFs 2 and 2a (which encodes the 
HE protein) of MHV are absent in some coronaviruses. The HE gene is present as a pseudogene in some strains 
of MHV. The black box at the 5’ terminus of the genome of coronaviruses and arteriviruses is a leader sequence 
which is also present at the 5' end of the mRNAs. The nested-set of mRNAs shown corresponds to EAV although 

a similar arrangement is a characteristic of all three genera 
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Table 2. Comparison of some features of coronaviruses, toroviruses and arteriviruses 


Feature Coronavirus Toro vims Arterivirus 


Enveloped 

Nucleocapsid 

Positive ssRNA with poly (A) tail 
Genome size (kb) 

3' co-terminal nested set of mRNAs 
Leader on mRNAs 
Genome organization 
Ribosomal frame-shifting in pol gene 
Some (limited) amino acid identity in pol 
Prominent spikes 

Presence of coiled-coil structure in spikes 
Size of virion proteins (kDa) 

Large surface glycoprotein (S or G) 

Haemagglutinin-esterase glycoprotein (HE) 
Membrane protein (M) 

Small membrane protein (sM) 

Nucleocapsid protein 

M protein with triple membrane spanning sequences 
Intracellular budding 


+ 

+ 

+ 

helical 

tubular 

isometric 

+ 

+ 

+ 

27-30 

~ 25 

13-15 

+ 

+ 

+ 

+ 

unlikely 

+ 

similar 

similar 

similar 

+ 

+ 

+ 

+++ 

+++ 

+ 

+ 

+ 

no 

+ 

+ 

no 

180-220 

200 

G< 30-42 



G s 25 

60-65 a 


_c 

25-35 

26 

18 

10-12 d 

_c 

„_C 

43-50 

18 

12 


+ + + 

+ + + 


a Present in only a subset of coronaviruses (see Table 1) 

b HE pseudogene known for BEV 

c No such protein described 

d sM currently identified only for IBV and TGEV 


Congress of Virology, 1993. The nomenclature for genes, mRNAs and proteins of the 
coronaviruses [7] has been adopted for the toroviruses [31]. Major characteristics of these 
viruses are summarized in Table 2 and Figs. 1 and 2. 

Common amino acid motifs in the replicase genes of coronaviruses and toroviruses 

Significant amino acid similarities between the coronavirus and torovirus replicase proteins 
strengthen the inclusion of Torovirus within the Coronaviridae. As with other positive- 
stranded RNA viruses there are conserved domains for putative RNA-dependent RNA 
polymerase and NTP-dependet helicase activities. These are within the second, lb ORF, of 
the putative replicase gene. The corresponding coronavirus domains resemble those of 
torovirus more than that of the other positive-stranded viruses [31], with the exception of 
the arteriviruses, of which more below r . Most of the torovirus ORF la has yet to be 
sequenced. 

An important aspect of the evolution of coronaviruses is recombination. Homologous 
recombination has been demonstrated experimentally with murine hepatitis coronavirus 
(MHV) [18]. Perhaps the most surprising aspect of recombination has been the discovery 
that some coronaviruses (Table 1) possess an additional gene, encoding an haemagglutinin- 
esterase protein (HE) which has some 30% amino acid identity with the amino-terminal 
subunit of the haemagglutinin-esterase-fusion (HEF) glycoprotein of influenza C virus (a 
negative-strand RNA virus), implying that non-homologous recombination has occurred 
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during the evolution of coronavimses [21]. Berne torovirus also has an ORF, number 4, 
situated between the N and M genes, which encodes a polypeptide that has about 30% 
identity with both the coronavirus HE protein and the influenza C virus HEF protein [33]. 
Notwithstanding the fact that the torovirus ORF 4 only encodes 142 amino acids in contrast 
to the > 400 amino acids of the HE and HEF protein, this further demonstrates the 
evolutionary links between toroviruses and coronavimses. It should not be inferred that the 
HE gene-containing coronavimses are more closely related to toroviruses than are those 
that lack HE, or that there is a closer relationship with influenza C vims. However, in the 
context of virus taxonomy, the possession by both coronavimses and toroviruses of a gene, 
HE, with the coding potential for a protein sharing significant amino acid identity is an 
additional reason for including these viruses within one family. 

Another non-homologous recombination event is believed to account for the finding 
that the protein by the carboxy-terminus of ORF la of Berne virus has some 30% identity 
with the 30 kDa protein encoded by the first ORF of gene 2 of murine hepatitis virus. 

The evolutionary implications of these proposed non-homologous recombination 
events are discussed in more detail by Snijder and Horzinek [31]. Suffice it to say that these 
amino acid sequence similarities in non-structural genes support the inclusion of 
Coronavirus and Torovirus in the same family. 

Variation on the Coronaviridae theme 

Although the S and M polypeptides of the two genera are of similar size and have some 
overall structural features in common, they have virtually no amino acid sequence identity. 
The coronavirus N polypeptide is two to three-fold bigger than its torovirus counterpart 
(Table 2) and, with the genomic RNA, forms a virion which, in ultrathin sections, exhibits 
disc-, kidney or rod shapes which are not seen in coronavimses [39] (Fig. 1). While 
generation of several 3' co-terminal subgenomic mRNAs is a feature of both genera, as is 
the presence of conserved sequences upstream of each gene, the presence of leader 
sequences (60-70 nucleotides long) on the 5' termini of the mRNAs has been found for 
coronavimses but not toroviruses. A number of ORFs which are present in coronavirus 
genomes are absent from toroviruses. One such ORF, 3c and 4 in the case of infectious 
bronchitits virus and transmissible gastroenteritis vims, respectively, has been shown for 
these two species to encode a small membrane protein (sM) which is associated with the 
virion envelope although detail of its disposition is not known [13, 20] (Fig. 1). These 
observations, plus the possession by coronavimses of ORFs not present in Beme virus, 
requires that these two virus groups should occupy different genera. 

Wanted: a taxonomic home for the arteriviruses 

The Arterivirus genus contains several known species (Table 1). It might seem unlikely that 
the genus Arterivirus , for many years assigned to the family Togaviridae, on account of its 
morphology (Fig. 1) and genome size (13-15 kb), would be removed from this family and 
be considered more closely related to the Coronaviridae . This, however, is the case, the 
ICTV Executive Committee accepting the recommendation that the arteriviruses should be 
removed from the Togaviridae in April 1992 [6]. The basis for this move was that key 
features of the arterivirus genome organization, transcription and translation were atypical 
of the togaviruses but bore a strong resemblance to those of the Coronaviridae (Fig. 2 and 
Table 2). The S’-most gene, number 1, comprises two large ORFs, la and lb, translation of 
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lb involving ribosomal frame-shifting [10]. Within ORF la are two domains, one belong¬ 
ing to the protease superfamily which comprises the chymotrypsin-like and picornavirus 
3C-like proteolytic enzymes, the other domain belonging to the papain-like superfamily, 
wich are also present in the coronavirus ORF 1 a (this region of the torovirus genome has not 
been sequenced) [19, 34]. Moreover, the polymerase and helicase domains identified in 
ORF lb of coronaviruses and toroviruses are not only present in ORF lb of arteriviruses, 
but also the arterivirus domains have greater amino acid similarity to those of the 
Coronaviridae than to other positive-strand RNA viruses [6, 12]. The genes encoding the 
surface glycoproteins, the M and N proteins occur in the genome in that order, as with the 
corona- and toroviruses. Six subgenomic RNAs are produced in a 3 f co-terminal, nested-set 
arrangment and each message has a leader RNA derived from the 5' terminus of the genome 
[8, 16] (Fig. 2). Although smaller than its counterpart in the coronaviruses and toroviruses, 
the arterivirus M protein is assumed to have a triple membrane-spanning domain (Table 2). 

These similarities have led to the arteriviruses being considered as members of a 
coronavirus ‘superfamily’, along with coronaviruses and toroviruses, although the term 
4 superfamily ’ has no formal place in viral taxonomy [10]. One way of reflecting these 
similarities would have been to simply place the genus Arterivirus within the Corona¬ 
viridae . However, this suggestion has not won overall approval because it over-emphasizes 
the points of genomic and replication similarity at the expense of reflecting major structural 
differences between arteriviruses on the one hand and the other two genera on the other. 
Arterivirus virions are only half the diameter of the other two genera and have an isometric 
nucleocapsid (Fig. lc). Unlike the surface projections of the corona- and toroviruses, the 
arterivirus surface glycoproteins, of which there are at least two (G L and G s ), are not 
prominent and do not have a coiled-coil structure (Table 2). The genome reflects the small 
size of the virions, being only about 13-15 kb, and the nucleocapsid is formed with a very 
small N protein (Table 1). 

Two alternative taxonomic proposals have been debated, neither of which has found 
general agreement. One involves the creation of a new family, provisionally called 
Arteriviridae for convenience, the relationship between members of this family and the 
Coronaviridae being recognized by placing them together in a higher order taxon, an order. 
The other, not necessarily less contentious, suggestion is that the three genera should be 
placed in one family divided into two subfamilies. 

One family, two subfamilies 

According to this scheme the arteriviruses would be in a subfamily, provisionally called 
Arterivirinae , the other two genera being within another subfamily e.g. Coronavirinae , 
within the Coronaviridae. The subfamily taxon has been utilised in a number of virus 
families. For example, all members of the Herpesviridae have the same overall morphology 
and virion structure, possess a large double-stranded DNA genome and have similar 
replicative features. The family is divided into three subfamilies, the divisions being largely 
based on biological criteria e.g. host cell range, length of replication cycle [28]. The results 
of comparison of gene complements, genome organization and amino acid similarity of 
proteins supports the division of this family into three subfamilies, with one exception, 
namely Marek’s disease virus. This is currently within the Gammaherpesvirinae, based on 
its tropism for lymphocytes, but it more closely resembles members of the Alpha- 
herpesvirinae on molecular criteria. 
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The Baculoviridae , which comprises two subfamilies, contains viruses of invertebrates 
which are all rod-shaped (‘baculo’ from the Latin baculum = stick) but otherwise show 
substantial variation in size, one species also having a long tail-like projection [40]. 
Members of the Eubaculovirinae subfamily form within occlusion bodies while those in the 
second subfamily, Nudibaculovirinae , do not. There is substantial variation in genome size 
among the family members. Further delineation of the members into groups is anticipated 
as data increases [40]. 

A major characteristic of members of the Poxviridae is their morphology (brick-shaped 
or ovoid virions) and large size. The members of the Chordopoxvirinae subfamily, which 
contains eight genera, infect vertebrates and a second subfamily, Entomopoxvirinae , 
comprises viruses of insects [11]. 

The use of subfamilies has recently been introduced for the Paramyxoviridae in order 
to reflect that the genera Paramyxovirus and Morbillivirus have more in common with each 
other than with the third genus of the family, Pneumovirus [24]. The Pneumovirinae have 
more but smaller genes and little amino acid identity with the other two Paramyxoviridae 
genera but all three genera have very similar virion and nucleocapsid morphology, genome 
size and broadly similar genome organization. 

The proposal to create two subfamilies within the Coronaviridae has the merit of 
drawing attention to both the similarities and differences between the three genera but with 
the emphasis being on the similarities. Implicit in this proposal is that the common 
characteristics should be weighted more than the differences and that the similarities can be 
accommodated taxonomically without the introduction of a taxon higher than family. One 
consequence of this scheme is that the taxon order would remain available for future use in 
a context that might include other virus families. The name Coronaviridae should not, of 
itself, be an impediment to this proposal. It can be argued that the name Coronaviridae has 
been in use for 25 years, long enough for it to evoke in the minds of virologists those many 
characteristics, described above, which define its two existing genera - and of which the 
existence of a ‘corona’ (and other morphological features?) is perhaps now the least 
important. However, the possibility of a new name for a family embracing all three genera, 
within two subfamilies, could be given further consideration. 

Two families within an order 

Morphology was a major criterion by which the above families were first defined. Clearly, 
if morphology and fundamental aspects of architecture such as nucleocapsid structure are to 
continue to be of pre-eminent importance in the defining of virus families, then Arterivirus 
cannot be in the Coronaviridae but should be assigned to a new family. However, it remains 
highly desirable to reflect replicase homologies and the similarities in genome organization 
and replication strategy by a recognized taxon. The next higher taxon is that of order. 
Recently the ICTV Executive Committee set a precedent by recognizing the first virus 
order, Mononegavirales . This comprises the families Filoviridae , Paramyxoviridae and 
Rhabdoviridae [25]. Members of these three families are all enveloped but have readily 
distinguishable virion morphology and substantial differences in genome size, the genomes 
being approximately 11 to 16 kb. Common features include a non-segmented, negative- 
sense genomic RNA, a helical nucleocapsid, the initiation of primary transcription by a 
virion-associated RNA-dependent RNA polymerase, similar gene order and a single 3' 
promotor. Arguably, an order containing the Coronaviridae and a yet-to-be-created family 
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for the arteriviruses would be based on similar principles, namely major differences in 
morphology and genome size but common genome type and organization, conserved 
replicase domains, generation of several mRNAs in a nested-set configuration, ribosomal 
frame-shifting within gene 1, replication within the cytoplasm and virion formation by 
budding through intracellular membranes. 

At its 1992 mid-term meeting the ICTV Executive Committee recognized a second 
order, Caudovirales , comprising the three bacterial virus families Myoviridae , Siphoviridae 
and Podoviridae [26]. The common feature which has led to their inclusion in an order is the 
possession by these bacteriophage of a tail and the use of this structure for attachment to 
host cells, and as a conduit through which the viral DNA passes into host cells. Members of 
the three families differ with respect to the nature of the tail (contractile, non-contractiie/ 
long or non-contractile/short) and in other respects e.g. 4- to 5-fold range in genome size, 
number of proteins. Thus the order Caudovirales has been defined on criteria ( a particular 
morphological, structural and associated functional feature) quite different from those 
applied to the Mononegavirales (where nature of the genome, genome organization and 
overall replicate strategy are major uniting factors). It would appear, therefore, that there are 
no hard-and-fast rules governing the inclusion of families into an order. In this context, 
creation of an order for the arteriviruses, coronaviruses and toroviruses would seem to be a 
logical way of highlighting the similarities and differences between these viruses. 

Whether this solution is preferable to the 'one family, two subfamily’ scheme remains 
a matter of debate. Further discussion is required within ICTV as to whether, as in the past, 
gross morphological differences require that viruses be placed in different families or 
whether genome organization, replication strategy and sequence similarities, unavailable 
until relatively recently, should be considered as uniting factors which outweigh morpho¬ 
logical criteria for the definition of a family. The ICTV Executive Committee has initiated 
the formation of a provisional Arterivirus Study Group (Chair: Dr. M. Brinton) to further 
evaluate the taxonomic status of the arteriviruses concurrent with the continuing debate 
within the Coronaviridae Study Group. 


Acknowledgements 

We are very grateful to C. Denny and D. Hawkins for producing the diagrams of coronavirus, torovirus and 
arterivirus virions and to Dr. E. Snijder for Fig. 2 and for critical reading of the manuscript. 


References 

1. Almeida ID, Berry DM, Cunning CH, Harare D, Hofstad MS, Mallucci L, McIntosh K, Tyrrell DAJ (1968) 
Coronaviruses. Nature 220: 650 

2. Boursnell MEG, Brown TDK, Foulds IJ, Green PF, Tomley FM, Binns MM (1987) Completion of the 
sequence of the genome of the coronavirus avian infectious bronchitis virus. J Gen Virol 68: 57-77 

3. Bredenbeek PJ, Pachuk CJ, Noten JFH, Charite J, Luytjes W, Weiss SR, Spaan WJM (1990) The primary 
structure and expression of the second open reading frame of the polymerase gene of the coronavirus MHV- 
A59. Nucleic Acids Res 18: 1825-1832 

4. Brierley I, Boursnell MEG, Binns MM, Bilimoria B, Block VC, Brown TDK, Inglis SC (1987) An efficient 
ribosomal frame-shifting signal in the polymerase-encoding region of the coronavirus IBV. EMBO J 6: 
3779-3785 

5. Cavanagh D, Brown TDK (eds) (1990) Coronaviruses and their diseases. Plenum Press, New York 

6. Cavanagh D, Horzinek MC (1993) Genus Torovirus assigned to the Coronaviridae . Arch Virol 128: 395- 
396 



236 


Virology Division News 


7. Cavanagh D, Brian DA, Enjuanes L, Holmes KV, Lai MMC, Laude H, Siddell $G, Spaan W, Taguchi F, 
Talbot PJ (1990) Recommendations of the coronavirus study group for the nomenclature of the structural 
proteins, mRNAs and genes of coronaviruses. Virology 176: 306-307 

8. de Vries AAF, Chimside- E, Bredenbeek PJ, Gravestein LA, Herzinek MC, Spaan WJM (1990) All 
subgenomic mRNAs of equine arteritis virus contain a common leader sequence. Nucleic Acids Res 18: 
3241-3247 

9. de Vries AAF, Chimside ED, Horzinek MC, Rottier PJM (1992) Stmctural proteins of equine arteritis 
virus. J Virol 66: 6294-6303 

10. den Boon JA, Snijder EJ, Chimside ED, de Vries AAF, Horzinek MC, Spaan WJM (1991) Equine arteritis 
virus is not a togavirus but belongs to the coronavirus-like superfamily. J Virol 65: 2910-2920 

1L Esposito JJ (1991) Poxviridae. In: Francki RIB, Fauquet CM, Knudson DL, Brown F (eds) Classification 
and nomenclature of viruses. Fifth Report of the International Committee on Taxonomy of Viruses. 
Springer, Wien New York, pp 91-102 (Arch Virol [Suppl] 2) 

12. Godeny EK, Chen L, Kumar SN, Methven SL, Koonin EV, Brinton MA (1993) Complete genomic se¬ 
quence and phylogenetic analysis of the lactate dehydrogenase-elevating virus. Virology 194: 585-596 

13. Godet M, L’Haridon R, Vautherot J-F, Laude H (1992) TGEV coronavirus ORF4 encodes a membrane 
protein that is incorporated into virions. Virology 188: 666-675 

14. Herold J, Raabe T, Schelle-Prinz R, Siddell SG (1993) Nucleotide sequence of the human coronavirus 229E 
RNA polymerase locus. Virology 195: 680-691 

15. Koopmans M, Horzinek MC (1993) Torovimses of animals and humans: a review. Adv Virus Res, in press 

16. Kuo L, Chen Z, Rowland RRR, Faaberg KS, Plagemann PGW (1992) Lactate dehydrogenase-elevating 
virus (LDV): subgenomic mRNAs, mRNA leader and comparison of 3-terminal sequences of two LDV 
isolates. Virus Res 23: 55-72 

17. Lai MMC (1990) Coronavirus - organization, replication and expression of genome. Annu Rev Microbiol 
44; 303-333 

18. Lai MMC (1992) RNA recombination in animal and plant viruses. Microbiol Rev 56: 61-79 

19. Lee HJ, Shieh CK, Gorbalenya AE, Koonin EV, Lamonica N, Tuler J, Bagdzhadzhuyan A, Lai MMC 
(1991) The complete sequence (22 kilobase) of murine coronavims gene-1 encoding the putative proteases 
and RNA polymerase. Virology 180; 567-582 

20. Liu DX, Inglis SC (1991) Association of the infectious bronchitis vims 3c protein with the virion envelope. 
Virology 185: 911-917 

21. Luytjes W, Bredenbeek PJ, Noten JFH, Horzinek MC, Spaan WJM (1988) Sequence of mouse hepatitis 
virus A 59 mRNA2: indications for RNA recombination between coronavirus and influenza C virus. Virol¬ 
ogy 164: 415-422 

22. Meulenberg JJM, Hulst MM de Meijer EJ, Moonen PLJM, den Besten A, de Kluyver EP, Wensvoort G, 
Moormann RJM (1993) Lelystad virus, the causative agent of porcine epidemic abortion and respiratory 
syndrome (PEARS), is related to LDV and EAV. Virology 192: 62-72 

23. Plagemann PGW, Moennig V (1992) Lactate dehydrogenase-elevating virus, equine arteritis vims, and 
simian hemorrhagic fever virus: a new group of positive-strand RNA viruses. Adv Vims Res 41: 99-192 

24. Pringle CR (1991) Paramyxoviridae. In: Francki RIB, Fauquet CM, Knudson DL, Brown F (eds) Classifi¬ 
cation and nomenclature of vimses. Fifth Report of the International Committee on Taxonomy of Viruses. 
Springer, Wien New York, pp 242-246 (Arch Virol [Suppl]2) 

25. Pringle CR (1991) Mononegavirales. In: Francki RIB, Fauquet CM, Knudson DL, Brown F (eds) Classifi¬ 
cation and nomenclature of vimses. Fifth Report of the International Committee on Taxonomy of Vimses. 
Springer, Wien New York, pp 239-241 (Arch Virol [Suppl]2) 

26. Pringle CR (1992) The ICTVdb project and other initiatives. Arch Virol 126: 351-353 

27. Robb JA, Bond CW (1979) Coronaviridae. In: Fraenkel-Conrat H, Wagner RR (eds) Comprehensive virol¬ 
ogy, vol 14. Plenum Press, New York, pp 193-247 

28. Roizmann B, Desrosiers RC, Fleckenstein B, Lopez C, Minson AC, Studdert MJ (1992) The family 
Herpesviridae : an update. Arch Virol 123: 425-449 

29. Siddell SG, Wege H, ter Meulen V (1982) The structure and replication of coronaviruses. Curr Topics 
Microbiol Immunol 99: 131-163 

30. Siddell S, Wege H, ter Meulen V (1983) The biology of coronaviruses. J Gen Virol 64: 761-776 

31. Snijder EJ, Horzinek MC (1993) Torovimses: replication, evolution and comparison with other members of 
the coronavirus-like superfamily. J Gen Virol 74: 2305-2316 

32. Snijder EJ, den Boon JA, Bredenbeek PJ, Horzinek MC, Rijnbrand R, Span WJM (1990) The carboxy- 
terminal part of the putative Berne vims polymerase is expressed by ribosomal frame-shifting and contains 



Virology Division News 


n/37 

cl \J / 


sequence motifs which indicate that toro- and coronaviruses are evolutionary related. Nucleic Acids Res 
18: 4535^1542 

33. Snijder EJ, den Boon JA, Horzinek MC, Spaan WJM (1991) Comparison of the genome organization of 
toro- and coronaviruses: both divergence from a common ancestor and RNA recombination have played a 
role in Berne virus evolution. Virology 180: 448-452 

34. Snijder EJ, Wassenaar ALM, Spaan WJM (1992) The 5* end of the equine arteritis virus genome encodes a 
papainlike cysteine protease. J Virol 66: 7040-7048 

35. Spaan WJM, Cavanagh D, Horzinek MC (1988) Coronaviruses: structure and genome expression. J Gen 
Virol 69: 2939-2952 

36. Sturman SS, Holmes KV (1983) The molecular biology of coronaviruses. Adv Virus Res: 36-112 

37. Tyrrell DAJ, Almeida JD, Cunningham CH, Dowdle WR, Hofstad MS, McKintosh K, Tajima M, 
Zakstelskays LY, Easterday BC, Kapikian A, Bingham RW (1975) Coronaviridae. Intervirology 5: 76-82 

38. Tyrrell DAJ, Alexander DJ, Almeida JD, Cunningham CH, Easterday BC, Garwes DJ, Hierholzer JC, 
Kapikian A, Macnaughton MR, McIntosh (1978) Coronaviridae : second report. Intervirology 10: 321-328 

39. Weiss M, Horzinek MC (1987) The proposed family Toroviridae : agents of enteric infections. Arch Virol 
92: 1-15 

40. Wilson M (1991) J Baculoviridae. In: Francki RIB, Fauquet CM, Knudson DL, Brown F (eds) Classification 
and nomenclature of viruses. Fifth Report of the International Committee on Taxonomy of Viruses. 
Springer, Wien New York, pp 117-123 (Arch Virol [Suppl] 2) 

Authors’ addreses: The Coronaviridae Study Group of the International Committee on Taxonomy of Viruses, 

1987-1993: 

D. Cavanagh (corresponding author), ARFC Institute for Animal Health, Division of Molecular Biology, 

Compton Laboratory, Newbury RG 16 ONN, U.K. 

D. A. Brien, Department of Microbiology, University of Tennessee, Knoxville TN 37996 0845, U.S.A. 

M. Brinton, Department of Biology, Georgia State University, Atlanta, Georgia 30302 4010, U.S.A. 

L. Enjuanes, Centro National de Biotechnologia, Campus Universidad Autonoma, Canto Blanco, 28049 Madrid, 

Spain. 

K. V. Holmes, Uniformed Services University of the Health Sciences, 4301 Jones Bridge Road, Bethesda, MD 

20814 4799, U.S.A. 

M. C. Horzinek, Vakgroep I & I, Afdeling Virologie, Universiteit Utrecht, 3508 TD Utrecht, The Netherlands. 

M. M. C. Lai, Department of Microbiology, USC School of Medicine, Los Angeles, CA 90033 1054, U.S.A. 

H. Laude, INRA, Laboratoire de Virologie et Immunologic Moleeulaires, Centre de Recherches de Jouey-en- 

Josas, 78352 Jouey-en-Josas, France. 

P. G. W. Plagemann., Department of Microbiology, University of Minnesota, Minneapolis, MN55455, U.S.A. 

S. Siddell, Institut fur Virologie und Immunobiologie, University of Wurzburg, 97078 Wurzburg, Federal 

Republic of Germany. 

W. J. M. Spaan, Afdeling Virologie, Rijks Universiteit Leiden, 2300 AH Leiden, The Netherlands. 

F. Taguchi, Institute of Neuroscience, Kodaira, 187 Tokyo, Japan. 

P. J. Talbot, Institut Armand-Frappier, Laval, Quebec, H7N 4Z3, Canada. 



